We describe a patient (CG) suffering from early onset dementia who presented with corticobasal syndrome (CBS). The aims of the study were as follows: (i) a detailed description of the cognitive phenotype; (ii) a comprehensive, longitudinal evaluation of apraxia; (iii) an appraisal of the impact of apraxia and other cognitive impairments on patient functional status; and (iv) an indirect mapping of degeneration spreading. A three-year longitudinal, observational follow-up study of cognitive and functional status was performed. Four main results emerged. First, an unusual CBS phenotype appeared that was characterized by symmetrical presentation, asymmetrical course, and prominent posterior (bi-parietal) cognitive and motor cortical manifestations. Second, some findings of limb apraxia in CBS were replicated and substantiated; moreover, some novel findings of other cognitive impairments emerged. Third, an early, significant functional decline, probably related to apraxia and to visuospatial attention impairments, became apparent. Fourth, CG's clinical picture was compatible with an underlying dysfunction of the large-scale, dorsal sensory-motor association network, as already suggested in previous CBS cases.
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PUBLIC INTEREST STATEMENT
Our research group studies the dramatic mind's decline resulting from the progressive brain damage caused by Alzheimer's disease and other dementias. Specifically, we aim to precisely report all the impairments that dementia causes in mental abilities as well as in feelings and behavior of the patients, and how these disorders change over time. This scientific knowledge may help detect the early features of dementia to diagnose it as soon as possible. Moreover, we are interested in forecast what difficulties patients will have in their daily lives, as well as how they will behave in some circumstances and what emotions they will feel. The ultimate aim of this long-lasting and demanding study is to know better how to help patients and make them feel well. Also, we want to make patients' mind stronger and to promote social engagement for them.
Introduction
Corticobasal syndrome (CBS) is a variable but recognizable neurological disorder with an insidious onset and a progressive course. It is characterized by an asymmetric, akinetic, and rigid syndrome, with prominent apraxia and other symptoms suggesting cortical (i.e. myoclonus, cortical sensory loss, alien limb phenomenon) and basal ganglionic dysfunction (e.g. dystonia, tremor) (Boeve, Lang, & Litvan, 2003; Burrell, Hodges, & Rowe, 2014; Graham, Bak, & Hodges, 2003; Mathew, Bak, & Hodges, 2011) . Cognitive impairments and/or behavioral features are often associated with motor symptoms early on in the disease course Graham et al., 2003) .
Apraxia is one of the core features in the current diagnostic criteria of CBS (Armstrong et al., 2013) . In particular, limb apraxia is very frequent, with estimates between 70 and 80% of cases, and it is often a presenting feature (Stamenova, Roy, & Black, 2009 ). Many patients suffering from CBS also present with limb-kinetic apraxia; conversely, oro-facial apraxia may be absent or develop later in the disease progression (Ozsancak, Auzou, Dujardin, & Hannequin, 2000; Ozsancak, Auzou, & Hannequin, 2004; Stamenova et al., 2009) . Finally, apraxia affecting other body parts (e.g. trunk, eyelid, gaze) has been reported less frequently (Okuda, Tanaka, Kawabata, Tachibana, & Sugita, 2001; Rajagopal, Bateman, & Van Stavern, 2011) . Taking into account the type of apraxia, it was found that ideomotor apraxia is the most common type in CBS, whereas ideational apraxia could be present in an advanced stage (Grijalvo-Perez & Litvan, 2014) . Considering the distinction between conceptual and production systems in praxis functions (Roy, Square, Adams, & Friesen, 1985) , apraxia in CBS seems to affect the production system. In contrast, no severe impairments of the conceptual system (i.e. semantic memory of gestures) are typically found Salter, Roy, Black, Joshi, & Almeida, 2004; Soliveri, Piacentini, & Girotti, 2005; Stamenova, Roy, & Black, 2011) . Concerning gesture modalities, CBS patients usually obtain worse results when tested by imitation rather than by pantomime Peigneux et al., 2001; Spatt, Bak, Bozeat, Patterson, & Hodges, 2002; Stamenova et al., 2011) . Moreover, difficulties in gesture execution usually improved when CBS patients could use concrete tools (Graham, Zeman, Young, Patterson, & Hodges, 1999; Jacobs et al., 1999; Leiguarda et al., 2003; Spatt et al., 2002; Stamenova et al., 2009) . Finally, as for the type of gestures, no clear differences in the amount of apraxia between transitive and intransitive gestures (Buxbaum, Kyle, Grossman, & Coslett, 2007; Jacobs et al., 1999; Leiguarda et al., 2003; Peigneux et al., 2001) as well as between representational and non-representational gestures (Buxbaum et al., 2007; Leiguarda et al., 2003; Merians et al., 1999; Salter et al., 2004; Spatt et al., 2002; Stamenova et al., 2009) were found.
Visuospatial impairment is another distinctive cognitive feature of CBS , and it is included in the current diagnostic criteria, i.e. the Mayo Clinic criteria and the modified Cambridge criteria (Mathew et al., 2011) . In particular, CBS patients show difficulties in performing visuospatial tasks, such as Benton's judgment of line orientation (Soliveri et al., 1999) or the spatial tasks of the Visual Objects Spatial Performance (VOSP) battery (Bak, Caine, Hearn, & Hodges, 2006) . Moreover, constructional apraxia and hemineglect are frequently reported Tang-Wai et al., 2003) . Finally, there are some case reports of CBS patients who showed partial or complete Gerstmann's syndrome (i.e. digit agnosia, left-right disorientation, agraphia, and acalculia) (Di Stefano et al., 2016; Tang-Wai et al., 2003) and/or Balint-Holmes syndrome (i.e. oculomotor apraxia, optic ataxia, simultanagnosia, and deficits on estimating depth and distances) (Mendez, 2000; Rajagopal et al., 2011) , which include some visuospatial impairments together with impairment of other abilities (Vallar, 2007) .
Alien limb syndrome, which is characterized by the sensation that a limb is foreign or has a will of its own and/or by complex unintentional limb movements interfering with normal tasks (Armstrong et al., 2013 ) is another typical disorder in CBS (Armstrong et al., 2013; Grijalvo-Perez & Litvan, 2014; Murray et al., 2007) . Several additional phenomena have been described in CBS that are likewise regarded as manifestations of alien hand syndrome (e.g. magnetic apraxia, intermanual conflict, grasping, impulsive hand groping, and purposeless wandering of the limb) (Grijalvo-Perez & Litvan, 2014) . Interestingly, while CBS patients with frontal dysfunction may show alien limb movements characterized by continuous tactile pursuits of the examiner's hand ("tactile mitgehen"), the alien limb of patients with more parietal damage is more likely to drift or levitate and assume odd postures (Delrieu et al., 2010; Grijalvo-Perez & Litvan, 2014; Semenza, 2003) .
Aphasia is a very common impairment in CBS (Di Stefano et al., 2016; Frattali, Grafman, Patronas, Makhlouf, & Litvan, 2000; Graham et al., 2003; Mahapatra, Edwards, Schott, & Bhatia, 2004; McMonagle, Blair, & Kertesz, 2006; Murray et al., 2007) , and typically it is of the non-fluent type (Graham et al., 2003; Mahapatra et al., 2004; McMonagle et al., 2006; Tree & Kay, 2008) . Moreover, longitudinal studies on aphasia in CBS suggested that patients either show non-fluent speech production from the first presentation (Tree & Kay, 2008) or are initially anomic and then develop disorders of expressive language resembling a progressive non-fluent aphasia (McMonagle et al., 2006) . In contrast, receptive language and single word comprehension are relatively preserved, except in few cases (Di Stefano et al., 2016; Graham et al., 2003; McMonagle et al., 2006) .
Regarding the remaining cognitive domains, even though some executive and memory impairments can be found in CBS, many studies have failed to find a specific pattern of prefrontal dysfunction and amnesia. Therefore, the evaluation of these cognitive functions is regarded as being worthless to the differential diagnosis of CBS and other diseases . Finally, modifications of behavior and personality, similar to those reported in frontotemporal dementia (FTD), are common in CBS .
Taking into account the brain pathology underlying CBS, it appears with great heterogeneity (Boeve, 2011; Boeve et al., 2003; Lee et al., 2011; Ouchi et al., 2014) . Specifically, corticobasal degeneration (CBD)-a neurodegenerative condition characterized by atrophy, gliosis, and tau-immunoreactive pathology in the gray and white matter of the neocortex, basal ganglia, and substantia nigra (Murray et al., 2007) -is the most frequent underlying pathology. However, other neuropathologies have been reported, including Alzheimer's disease (AD), frontotemporal lobar degeneration (FTLD), progressive supra-nuclear palsy (PSP), and Creutzfeldt-Jakob disease (CJD) (Boeve, 2011; Lee et al., 2011; Ouchi et al., 2014) .
Bearing in mind the pathological heterogeneity underlying CBS and in hopes that disease-modifying drugs for neurodegenerative dementias will be soon available, detailed clinic-pathological correlation studies are promoted for the purpose of recognizing an early clinical/cognitive marker of a specific pathology. In-depth investigations of CBS clinical and/or cognitive phenotypes are also important for many other reasons. First, few detailed descriptions of CBS have been reported to date. Second, CBS has often been regarded as clinically heterogeneous Di Stefano et al., 2016) , but definite variants of the syndrome have rarely been acknowledged (e.g. symmetric CBS, Dopper et al., 2011) . Third, many features of the syndrome (e.g. alien hand syndrome, left-right disorientation) have been described exclusively by clinical-observational exams and lack a quantitative validation. Fourth, there are few studies including longitudinal, quantitative assessments of apraxia (Stamenova et al., 2009 ) and other cognitive impairments in CBS (Huang, Hornberger, Hodges, & Burrell, 2014) . Fifth, an in-depth syndrome description is important because the pattern of cognitive and motor impairments could determine how and to what level the patient fails in performing her/ his everyday activities (see, for example, Shakespeare, Yong, Foxe, Hodges, & Crutch, 2015 in the realm of Posterior Cortical Atrophy syndrome). In this regard, few data are available of the functional impact of CBS on everyday skills (Stamenova et al., 2009) . Finally, since the clinical phenotype of dementia is most likely dictated by the topographical distribution of degeneration in the brain (Ouchi et al., 2014; Weintraub & Mesulam, 2009) , an accurate report of the clinical syndrome and its progression over time could identify which core regions are targeted by degeneration and in which directions it spreads along in the brain. Therefore, the overall aim of this study was to fill the gaps reported above with an in-depth, longitudinal investigation of a clinical and cognitive phenotype of an early onset dementia patient presenting with CBS. The more specific aims of the study were as follows: (i) a detailed evaluation of the cognitive impairments by adopting quantitative tests whenever possible; (ii) an in-depth, longitudinal, and quantitative evaluation of apraxia; (iii) an appraisal of the impact of apraxia and other cognitive impairments on patient functional status; (iv) an indirect mapping of the degeneration spreading in a case of CBS, starting from data on symptom progression as well as clinic-anatomical correlations reported in the literature.
Case description
Patient CG came to our attention at approximately 18 months post-disease onset (T1). She was a 53-year-old woman with 8 years of education. Her past medical history was unremarkable. In particular, there was no history of stroke, traumatic brain injury, or alcohol or drug abuse. Moreover, family history was negative for dementia. Only a brief minor depressive episode occurred more than 20 years before. At the first visit, CG reported some difficulties in performing complex actions that all seemed to involve arms movements (e.g. problems in opening the clotheshorse, errors in setting the table, difficulties folding clothes, and slight indecisions in dressing and ironing as well as writing). These reports were confirmed by her relatives, who specified that the symptoms had an insidious onset when CG was approximately 51 years old (approximately 18 months earlier) and showed a progressive course. On the other hand, no fluctuations of cognition and attention were reported. CG was fully aware of her difficulties and consequently very agitated and worried. A neurological examination showed bilateral limb apraxia and upper-limb plastic hypertonia and hyperreflexia. The Mini-Mental State Examination (MMSE) showed a mild cognitive decline (MMSE = 22/30). A neuropsychological evaluation confirmed bilateral ideomotor apraxia and preserved insight (Table 1) . Moreover, the evaluation showed some deficits in visuospatial abilities and very mild prefrontal executive impairments. Conversely, no clear signs of amnesia, aphasia, visual agnosia and topographical disorientation emerged. Finally, all the aspects of orientation (i.e. temporal, spatial, contextual, and personal) were preserved. A behavioral examination showed mild anxiety and depression but was negative for psychotic symptoms and behavioral disturbances (Neuropsychiatric Inventory, NPI = 10). Functional status was reduced slightly, especially in some activities of daily living (Table 2) . A brain MRI-scan showed initial focal atrophy of bilateral parietal cortices (Figures 1 and 2 ). An electroencephalogram (EEG) highlighted a diffuse and moderate slowing of the brain activity. A preliminary diagnosis of neurodegenerative dementia not otherwise specified was formulated, and therapies with donepezil, paroxetine and alprazolam were initiated.
A follow-up visit was performed approximately one year later at 32 months post-disease onset (T2). Difficulties in performing complex motor actions were increased (e.g. CG had fallen while catching the bus, had difficulties opening the car door and fastening her seatbelt, had burned her fingers by ironing, had grasped the receiver upside down and wrapped herself in telephone wire), and involuntary, brief muscle contractions of both her arms, closely resembling myoclonus, had been noticed for the first time. Rare odorous misperceptions (e.g. bad smells from fresh-cooked foods made her sick) and simple odorous hallucinations (i.e. unreal bad smells in her home) had also appeared. A neurological examination highlighted extra-pyramidal hypertonia, especially in the left upper limb, hyperreflexia more severe on the left side, deficits in discriminating tactile stimuli applied to symmetrical parts of the body, agraphesthesia, limb apraxia more severe in the left upper limb, and dysdiadochokinesia. The MMSE score was slightly decreased (19/30). A follow-up neuropsychological examination showed that ideomotor apraxia, visuospatial impairments, and prefrontal executive impairments had all worsened (Table 1) . Moreover, the examination confirmed that apraxia had become asymmetric, with the left arm more affected. Also, mild aphasia emerged for the first time. On the other hand, orientation and insight were still preserved, and no signs of amnesia, visual agnosia, and topographical disorientation emerged. A follow-up behavioral assessment showed that Report: (Apraxia) The patient was able to hand-launder small clothes but was no longer able to use the washing machine. In several occasions the patient burnt her fingers while she was ironing clothes. Major impairments in the use of cuttlery during the meal (i.e. cut up the steak or roll up the spaghetti on the fork) and in putting her clothes on (i.e. Put on a t-shirt or button up a blouse). (executive functions) The patient was less focused during housework and she lost the thread of ongoing tasks. She forgot to add ingredients in simple dishes and she made mistakes in the choice of ingredients doses. (visual-spatial attention) When she was cooking she stirred the food in a single spot of the pot. Episodes in which CG remain fixed at the roadside staring at a point for a while before to cross the street. (language) Difficulties in formulate phrases, to find words was a time-consuming task, sometimes sound errors were present in the pronounced words 38 months ADL:
4.5/6
Post onset IADL:
2/8
Report: (Apraxia) She pushed the pot laterally when she stired some food. Major impairment in opening the umbrella and keeping it on the head. Major errors were present when she tried to pour the water into the glass or to open small packets. (executive functions) CG was no more able to coordinate the several activities involved in the preparation of food; she fixated on the idea that she has to clean the bathroom tiles or the doors edge often, she does it in a perseverative way losing the sense of time. (visual-spatial attention) CG was absent-minded and her attention has to be drawn when you are talking to her; apparently CG has not been able to read a daily; she is not able to read the clock; while she is talking to a person she looks at another person and she becomes aware of it just after a while; when she is in a place she does not notice the presence of somebody who is there. (language) More difficulties in word finding, in particular for person names and common names of objects. anxiety and depression had improved, but moderate apathy emerged (NPI = 8). Functional status had worsened, especially in the IADL scale (Table 2) . A control brain MRI scan highlighted mild atrophy to bilateral parietal cortices (Figures 1 and 2 ). FP-CIT (dopamine transporter) SPECT brain imaging showed normal tracer uptake in basal nuclei. A diagnosis of CBS according to all the current diagnostic criteria (Mathew et al., 2011) , i.e. Toronto criteria (Lang, Riley, & Bergeron, 1994) , Mayo Clinic criteria and modified Cambridge criteria (Bak, Hodges, & Thomas, 2008; Mathew et al., 2011) , was formulated. Finally, levetiracetam was prescribed to treat myoclonus.
A third evaluation was performed approximately one year later, at 49 months post-disease onset (T3). The errors in performing complex motor activities had further increased (e.g. the patient was no longer able to sit in the back seat of her car and showed some difficulties in sitting in the front seat as well; she had difficulties picking up foods with a fork). Moreover, CG's relatives reported that she sometimes postured with her trunk tilted leftwards, both while on her feet and walking. The brief occurrence of this abnormal posture closely resembled a short-lived episode of trunk dystonia known as Pisa tower syndrome. Besides, CG's relatives noticed that her left arm sometimes was quite inactive (i.e. a probable sign of motor neglect) and other times stayed somewhat raised (i.e. a probable sign of levitation). Furthermore, they reported that myoclonus of the upper limbs had improved slightly with levetiracetam therapy and that it was more severe in the left limb than in the right limb at this time. Finally, they noticed that odorous misperceptions and simple odorous hallucinations had completely disappeared. A follow-up neurological examination showed hypomimia, fixed gaze, dysarthria, camptocormia, extrapyramidal hypertonia of the four limbs (more severe on the left side), hyperreflexia, at-rest myoclonus of the upper limbs (more severe on the left side), and limb apraxia. The MMSE score was unchanged (21/30). A follow-up neuropsychological assessment showed that many of CG's cognitive impairments had worsened (Table 1 ). In particular, both ideomotor apraxia and visuospatial impairments reached a severe grade, and aphasia reached a moderate grade. Moreover, insight was slightly impaired for the first time. To the contrary, executive prefrontal impairments were unvaried and still mild, and both visual agnosia and topographical disorientation were still absent. Finally, because of aphasia, it was difficult to test both amnesia and orientation at this time. However, no signs of severe amnesia emerged at the clinical-observational examination (e.g. no perseverations in discourse, no oblivion to recalling autobiographical information). Moreover, orientation was tested by using an ad hoc recognition version of the spatiotemporal orientation test (i.e. a multiple-choice task), instead of the standard free recall version, and CG tested as being unimpaired. A behavioral examination was still negative for behavior disturbances and psychiatric symptoms (NPI = 1). Functional status was severely reduced on the IADL scale (Table 2) . A brain CT scan confirmed moderate cortical atrophy, especially to bilateral frontal-parietal cortices. A brain HMPAO SPECT scan showed a severely decreased blood flow to bilateral temporal cortices, especially to the right superior temporal gyrus and to bilateral parietal-occipital cortices. A very mild decreased blood flow also emerged in the cuneus, precuneus and bilateral posterior cingulate gyri. Homozygosity of the epsilon-3 allele of the APOE gene resulted from the genetic testing. A globally slow and unstructured brain activity emerged at a follow-up EEG. A levodopa challenge test was negative.
At successive follow-up visits, both motor and cognitive impairments had progressively and rapidly worsened. In particular, three years after the first visit, at approximately 60 months post-disease onset (56 years of age), the MMSE score was 9/30, and a neuropsychological examination was not administrable because of severe dementia. At that time, by GC's relatives' wishes, no further examinations were performed.
Cognitive assessment
CG underwent the first neuropsychological evaluation at approximately 20 months post-disease onset. Two follow-up evaluations were carried out at 32 and 49 months post-disease onset. A supplementary neuropsychological evaluation was performed to refine the pattern of cognitive impairments at the same time as the second evaluation. Table 1 shows the results of the longitudinal neuropsychological assessment, and Table 3 shows the results of the supplementary neuropsychological examination. CG and her daughter gave their written consent to participate in the study. The study was approved by the Ethical Committee of the Casa di Cura Quarenghi and was done in accord with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for experiments involving humans.
Global cognitive functioning
Global cognitive functioning was assessed using the Mini-Mental State Examination (MMSE) (Folstein, Folstein, & McHugh, 1975) . The results showed a mild global cognitive decline at the first evaluation that remained relatively unvaried at the successive follow-ups up to the third evaluation at 49 months post-disease onset (Table 1) . Then, one year later, at approximately 60 months postdisease onset, a more remarkable cognitive decline emerged that reached the stage of severe dementia (MMSE = 9/30). Interestingly, despite the cognitive decline being mild during the first 49 months of the disease course, severe selective neuropsychological syndromes (i.e. apraxia and visuospatial attention disorders) were already present at 18-20 months post-disease onset and subsequently showed a relatively rapid worsening over time.
Praxis processing

Limb and limb-kinetic apraxia
Limb (ideomotor) and limb-kinetic apraxia were examined employing the De Renzi test (De Renzi, 1985; De Renzi, Motti, & Nichelli, 1980) . It is a test of concurrent or immediately delayed imitation of intransitive gestures that comprises two sections: one involving gestures by arms-and-hands (limbapraxia) and the second involving gestures by fingers (limb-kinetic apraxia). Moreover, both the presentation and execution gestures are unilateral, e.g. the examiner moves her/his right (or left) arm to probe the movements of the right (or left) arm of the patient. Thus, the De Renzi test returns four partial scores, two of them relating to left and right arm-and-hand movements (limb-apraxia), and the other two scores relating to left and right finger movements (limb-kinetic apraxia). Two total scores, each corresponding to the sum of the partial scores obtained at the two sections of gestures for each body side, are calculated. with agraphia, resulted on the AAT battery, leading us to diagnose a complete Gerstmann syndrome. In contrast, only a partial Balint's-Holmes syndrome was present. In fact, some signs of simultanagnosia resulted on the object decision task and a narrowing of attentive focus emerged, but the reaching task was negative for optic ataxia. *Impaired scores (<5th percentile). A more comprehensive assessment of ideomotor apraxia was accomplished by also administering the task of Pantomimes tool use to verbal command (De Renzi, Faglioni, Scarpa, & Crisi, 1986; De Renzi et al., 1980) . Fifteen tools (e.g. a knife, toothbrush, hammer, comb) were included, and two attempts for the execution of each pantomime were offered to the patient. CG's performance was scored as 3 points (correct pantomime), 2 points (correct but imprecise pantomime), 1 point (vaguely similar pantomime) or 0 points (wrong pantomime). The total score of each tool was the sum of the scores obtained with the two attempts. The single-item score range was 0-6, and the total test score range was 0-90.
Raw
Also, a longitudinal study of limb and limb-kinetic apraxia was carried out by considering CG's results of three successive administrations of the De Renzi test and the task of Pantomimes tool use to verbal command over a period of three years. A statistical analysis of the longitudinal scores of the De Renzi test and pantomime task was performed by applying Friedman's ANOVA. Post hoc tests were computed using a Wilcoxon signed-rank test applying the Bonferroni correction.
The results showed that CG's performance of the De Renzi test of imitation of intransitive gestures was impaired at the first evaluation (Tables 1 and 4) , supporting an early diagnosis of limb and limbkinetic apraxia. Then, starting from the second evaluation, a diagnosis of ideomotor apraxia was also confirmed by CG's impaired performance on the pantomime task (Table 4 ). The longitudinal study showed a significant worsening of limb apraxia as well as limb-kinetic apraxia over time, both considering the results of the imitation test (De Renzi test total score, χ 2 = 43.145, df = 5, p < 0.001; De Renzi test limb apraxia score, χ 2 = 31.649, df = 5, p < 0.001; De Renzi test limb-kinetic apraxia score, χ 2 = 20.837, df = 5, p = 0.001) and the pantomime task (pantomime task, χ 2 = 20.844, df = 2, p < 0.001) (Table 4) .
Moreover, CG's total score on the De Renzi test significantly worsened on the second evaluation of the left side of the body (T2-T1 score difference = 53-25, z = −2.751, p = 0.006, two-tailed). No statistical difference was found on the right side (T2-T1 score difference = 53-42, z = −1.580, p = 0.114, two-tailed). Moreover, both left and right limb apraxia significantly worsened on the second evaluation (left arm T2-T1 score difference = 24-1, z = −2.772, p = 0.006, two-tailed; right arm T2-T1 score difference = 27-15, z = −2.058, p = 0.040, two-tailed), but limb-kinetic apraxia remained relatively unchanged (left hand T2-T1 score difference = 29-24, z = −0.850, p = 0.395, two-tailed; right hand T2-T1 score difference = 26-27, z = −0.368, p = 0.713, two-tailed). At the third visit, CG's total score on the De Renzi test further worsened both for the left and right sides of the body (left side T3-T2 score difference = 25-6, z = −2.565, p = 0.010, two-tailed; right side T3-T2 score difference = 42-24, z = −2.456, p = 0.014, two-tailed). Moreover, limb apraxia results were relatively unchanged (left arm T3-T2 score difference = 1-0, z = −1.000, p = 0.317; right arm T3-T2 score difference = 15-10, z = −1.342, p = 0.180), whereas limb-kinetic apraxia had worsened (left hand T3-T2 score difference = 24-6, z = −2.428, p = 0.015, two-tailed; right hand T3-T2 score difference = 27-14, z = −2.121, p = 0.034, two-tailed).
Other types of apraxia
Oral apraxia was evaluated using a test by De Renzi, Pieczuro, and Vignolo (1966) , and gaze apraxia was evaluated through an ad hoc task requiring bi-ocular movements along the horizontal and vertical axes to verbal commands. In detail, four directions of gaze were tested (i.e. upward, downward, rightward and leftward), and CG had to repeat each movement three times. Every single correct movement was scored as one point, and the total range score was 0-12. Regarding other remaining apraxia, truncal, dressing and eyelid apraxia were examined both by observing the patient's behavior at the visits and by interviewing the caregiver. Moreover, the copy of geometrical figures test (Spinnler & Tognoni, 1987) was used to test for constructional apraxia. Finally, ideational apraxia was investigated by means of some items involving multi-step actions taken from the pantomime tool use task as well as the object use task (see below) (De Renzi, 1985; De Renzi, Pieczuro, & Vignolo, 1968 ) (e.g. CG had to light a candle with matches, pour a glass of water from a bottle). Notes: A statistically significant decline of longitudinal assessment emerged in the following tests: De Renzi test, limb apraxia subtest, limb-kinetic subtest, and 15 items version of pantomime tool use task. In contrast, no significant decline emerged in the tool naming task as well as in the oro-facial apraxia test. Moreover, note the quantitative confirmation that limb and limb-kinetic apraxia were both symmetric at the first exam and that limb-apraxia, but not limb-kinetic apraxia, became asymmetric at the second exam, with the left upper limb more impaired. Furthermore, both limb and limbkinetic apraxia were asymmetric at the third exam, but the score difference (left-right) did not reach statistical significance. In addition, a statistically significant difference resulted between transitive and intransitive gestures, with transitive gestures more impaired at pantomime (a-c). Finally, no differences emerged between meaningful and not meaningful gestures on the De Renzi test pantomime and object use (a-b) as well as pantomime and imitation (c-d). Results showed that oral, eyelid, gaze, dressing and truncal apraxia were all absent on the first evaluation. Moreover, ideational apraxia was ruled out because CG had no difficulties on items involving multi-step actions taken from both the pantomime tool use task and the objects use task (see the section Modality of gesture performance: pantomime, imitation and tool use). On the other hand, severe constructional apraxia resulted from the copy of geometrical figure test (Tables 1 and  4 ). On the second evaluation, oral, eyelid and ideational apraxia were still absent, whereas mild gaze dyspraxia emerged (Table 4) . Moreover, the emergence of dressing apraxia was suggested by CG's caregiver reports (Table 2) . Also, some suspicion for truncal apraxia emerged for the first time, especially by noticing some marked hesitations by CG in sitting in the chair in the evaluation room. Finally, constructional apraxia was still severe. On the third evaluation, the total score of the oral praxis test was still in the normal range; nonetheless, some errors emerged for the first time (Table 4) . Moreover, truncal and dressing apraxia had worsened, and constructional apraxia was of extreme severity. Furthermore, some rare errors in performing multistep actions suggesting a very mild ideational apraxia emerged for the first time with the pantomime tool use task. In contrast, eyelid apraxia was still absent. Finally, gaze praxis was not further evaluated.
T1 First
Left-right differences
The De Renzi test is a useful tool also for studying left-right differences in limb and limb-kinetic apraxia. In fact, it invites the patient to imitate the same set of intransitive gestures successively with her/his right upper limb and then with her/his left upper limb, and the test accordingly provides separate scores for the performance of the limb of each side of the body. Left-right differences with the De Renzi test were first examined by applying Friedman's ANOVA. Post hoc tests were computed with the Wilcoxon signed-rank test applying the Bonferroni correction.
Results showed that limb and limb-kinetic apraxia were clearly symmetric on the first examination; in fact, no differences between the left and right sides of the body emerged on the De Renzi test (i.e. left-right total score = 53-53, z = 0.000, p = 1.000, two-tailed; limb-apraxia score = 24-27, z = −0.604, p = 0.546, two-tailed; limb-kinetic apraxia score = 29-26, z = −0.816, p = 0.414, twotailed) (Table 4) . However, a significant difference between the right and left body sides, with the left side more impaired, emerged on the De Renzi test total score at the second evaluation (left-right difference = 25-42, z = −2.092, p = 0.036, two-tailed) (Table 4 ). In particular, an asymmetric limbapraxia emerged with the left upper limb more severely affected than the right limb (left-right difference = 1-15, z = −2.121, p = 0.034, two-tailed), whereas limb-kinetic apraxia was still symmetric (left-right difference = 24-27, z = −828, p = 0.408, two-tailed) (Table 4) . At the third visit, the left body side was still more impaired than the right side on the total score of the De Renzi test (left-right difference = 6-24, z = −2.058, p = .040) (Table 4), but this time both limb apraxia (left-right difference = 0-10) and limb-kinetic apraxia (left-right difference = 6-14) seemed to be asymmetric, even if the amount of the left-right difference did not reach statistical significance both for limb apraxia (z = −1.890, p = 0.059, two-tailed) and limb-kinetic apraxia (z = −1.131, p = 0.258, two-tailed).
Modality of gesture performance: pantomime, imitation and tool use
To advance the study of CG's apraxia, different modalities of gesture performance were tested (i.e. pantomime, object use, and imitation). The task of pantomimes tool use to verbal command and the parallel task of object use were administered to CG. The first task has been already described in the previous section Limb and limb-kinetic apraxia. The object use task involved 10 concrete tools similar to a subset of those utilized in the pantomime tool use task. In particular, the concrete objects were placed successively on the table in front of CG, and she had to grasp them and show to the examiner how they should be used. The same scoring procedure as the pantomime task was adopted. In particular, two attempts for each object use demonstration were given to the patient. CG's performance was scored as 3 points (correct demonstration), 2 points (correct but imprecise demonstration), 1 point (vaguely similar demonstration) or 0 points (wrong demonstration). The total score of each tool was the sum of the scores obtained from the two attempts. The single item score range was 0-6, and the total test score range was 0-60.
A comparison between the pantomime and object use tasks was performed on the second visit. A Wilcoxon signed-rank test was applied to test for differences in the patient's performance.
To compare imitation and pantomime, CG's ability to pantomime to verbal command 10 meaningful intransitive gestures, taken from the De Renzi test, was examined first (e.g. "please, do the sign of the cross"). Then, we compared CG's performance on the pantomime of these ten intransitive gestures with her performance on the imitation of the same gestures that had resulted from the standard De Renzi test. Differences were computed as the mean of the Wilcoxon signed-rank test.
Results showed that CG's performance on the object use task seemed to be slightly better than that on the pantomime tool use task (i.e. 51/60 vs. 46/60) ( Table 4) , but even so, this difference did not reach the statistical significance (z = −1.512, p = 0.131, two-tailed). Similarly, the comparison between pantomime and imitation performed at the time of the second evaluation did not return any statistically significant difference (z = −1.342, p = 0.180, two-tailed) (Table 4 ). However, a clear difference in favor of pantomime emerged at an early stage of disease. In fact, the extended version of the pantomime task (i.e. 15 items) resulted as unimpaired at the first evaluation; conversely, the imitation task (i.e. De Renzi test) resulted as impaired at the same evaluation.
Type of gestures: Transitive vs. intransitive, meaningful vs. non-meaningful
The type of gesture was included as a variable in the evaluation of CG's apraxia. In particular, a comparison between transitive gestures taken from the test of pantomime tool use to verbal command and intransitive gestures taken from the test of pantomime meaningful gestures to verbal command (see the preceding section) was performed at the second evaluation. A Wilcoxon signed-rank test was used to test for differences.
In addition, since the De Renzi test (De Renzi, 1985; De Renzi et al., 1980) involves an equal number (i.e. 12) of meaningful (e.g. the sign of victory) and non-meaningful gestures (e.g. put the thumb between the index and middle fingers), a comparison between the two types of gestures was performed. A Wilcoxon signed-rank test was adopted.
The results showed that CG's performance of transitive gestures on the pantomime tool use task was slightly worse than the performance on the intransitive gestures of the pantomime meaningful gestures task (respectively, 46/60, equivalent to 76.6%, and 28/30, equivalent to 93.3%) (Table 4) . Moreover, this last difference was statistically significant (z = −2.235, p = 0.025, two-tailed). Regarding the comparison between meaningful and non-meaningful gestures, results did not show any significant differences. In particular, although both types of gestures were slightly impaired on the first examination (Table 4) , no differences emerged between them when considering both the right and the left upper limbs (right side, z = −0.212, p = 0.832, two-tailed; left side, z = −637, p = 0.524, two-tailed). At the second evaluation, an advantage in the meaningful gestures seemed to emerge exclusively for the right arm (i.e. 27/36 vs. 15/36) (Table 4), but this difference did not reach statistical significance (z = −1.000, p = 0.317, two-tailed). At the third evaluation, both types of gestures were severely impaired, but no differences emerged between them (right side, z = −0.137, p = 0.891, two-tailed; left side, z = −1.000, p = 0.317, two-tailed) (Table 4) .
Input: Recognition of gestures
Recognition of gestures was studied using a task of gesture naming by action at the second evaluation. In particular, the task called for CG to name 10 meaningful intransitive gestures (e.g. military greeting, stop gesture, the sign of the cross) taken from the De Renzi test that were pantomimed by the examiner. In addition, we took into account the results by CG in naming 20 pictures belonging to the categories of tools (e.g. hammer, saw, pliers) as well as musical instruments (e.g. violin, piano, trumpet) (tool naming task) taken from the picture naming test (Laiacona, Barbarotto, Trivelli, & Capitani, 1993) at all three successive examinations.
The results showed that CG had no difficulties in recognizing all of the 10 intransitive meaningful gestures taken from the De Renzi test (score = 30/30) at time of the second evaluation. Interestingly, at the same time, CG's performance on imitation of the same 10 intransitive meaningful gestures on the standard version of the De Renzi test was impaired, especially for the left upper limb (i.e. left upper limb score = 12/30, right upper limb score = 24/30). Regarding the results from the tool naming task, GC's performance on the 20 items belonging to the categories of tools and musical instruments was relatively unimpaired at both the first (score = 18/20) and the second examinations (score = 17/20). In contrast, mild deficits on the tool naming task suggest a possible initial impairment of the conceptual system of praxis at the third examination (score = 15/20). However, the language impairment found in naming at this time could better explain this result.
Functional impact
The impact of apraxia on CG's functional status was studied by interviewing the caregiver and using the basic and instrumental activities of daily living scales (ADL, Katz, Downs, Cash, & Grotz, 1970; IADL, Lawton & Brody, 1969) .
The results showed that an early mild decline in CG's functional status was evident since the first evaluation (Table 2) . Moreover, CG's performance resulted as impaired, especially on those activities of her daily life that mainly involved arm movements (e.g. problems in opening the clotheshorse, errors in setting the table, difficulties in folding clothes, slight indecisions in dressing and ironing, difficulty writing) ( Table 2 ). This fact suggests that CG's functional decline was probably strictly related to limb apraxia. Then, at successive visits, a progressive decline in CG's functional status was documented, probably due to a concurrent worsening of apraxia. However, starting from 32 months post-disease onset, CG's caregiver frequently reported errors suggesting not only apraxia but also impairment of other cognitive functions, especially visuospatial functions (Table 2) . Therefore, it is probable that the reduction in CG's competence in performing activities of her daily life was related not only to apraxia but also to other multiple cognitive impairments starting from an intermediate stage of disease onset.
Visuospatial processing
Spatial abilities as a whole
Several tests were used to evaluate CG's visuospatial abilities (Tables 1 and 3 ). In particular, tests of constructional apraxia, visuospatial attention impairments, unilateral neglect, (dorsal) simultanagnosia, and optic ataxia were administered. Moreover, the possible emergence of complex syndromes (i.e. Balint-Holmes' syndrome and Gerstmann's syndrome) was checked by using tests of both visuospatial impairments and other different cognitive impairments (e.g. left-right disorientation, acalculia). Finally, data concerning CG's abilities of topographical orientation were obtained by interviewing the caregiver.
The results showed that visuospatial function disorders were the second more important impairment in CG's cognitive profile. In fact, several different spatial ability impairments emerged (e.g. constructional impairments, visuospatial attention disorders, unilateral neglect, simultanagnosia). However, it should be noted that some spatial abilities were unimpaired (i.e. hand-eye coordination and topographical orientation).
Constructional functions impairments
A test of drawing geometrical figures was used to test for constructional apraxia (i.e. Copy of geometrical figures test, Spinnler & Tognoni, 1987) . The results showed severe impairment in the visuoconstructional functions starting from the first evaluation (Table 1) . Noteworthy, closing-in was one of the most frequent errors. In particular, CG had a strong tendency to draw lines inside the models as if her hand was captured by them (magnetism).
Visuospatial attention disorders
Two tests of visual search were administered to CG for assessing selective attention as well as visuospatial attention (i.e. digit cancellation test, Spinnler & Tognoni, 1987; Bell's test, Gauthier, Dehaut, & Joanette, 1989) . Moreover, further data about CG's visuospatial attention impairments were reported by the caregiver and were collected by observing her behavior at the visits.
The results showed that CG's performance on the two visual search tests was moderately impaired (Table 1 ) at the first examination and then worsened over time. In particular, CG seemed not to be able to efficiently explore the visual space, such that many omissions of targets resulted in the visual search tests. Moreover, a severe difficulty to follow printed stimuli from line-to-line emerged. Furthermore, distractibility was another relevant feature of CG's attention disorders: in fact, her attention was often captured by task-irrelevant events during the visits. Interestingly, distractibility was not associated with a more general environmental dependency; in fact, utilization and imitation behaviors (Iaccarino, Chieffi, & Iavarone, 2014; Lhermitte, 1983) never appeared. Another aspect of CG's attention disorders was a difficulty in disengaging her attention from stimuli (sticky fixation) (e.g. when she has to cross a street, she stares at a point at the far side of the street for a long time before starting to move). Finally, a pathological narrowing of the visuoattentional focus (tubular vision) also seemed to emerge.
Unilateral neglect
Unilateral neglect was assessed through a visual search test (i.e. Bell's test, Gauthier et al., 1989) and by considering possible position-preference effects on the Raven progressive colored matrices test (Basso, Capitani, & Laiacona, 1987) . In detail, "position-preference effect" refers to the tendency of a patient with left (or right) unilateral neglect to pick drawings especially on the right (or left) side of a page on the Raven test. To further evaluate unilateral neglect, CG's performance on writing and reading tasks used in the assessing of aphasia was considered. Conversely, CG's performance in drawing was not usable because of severe constructional apraxia.
Regarding the results, a mild left unilateral neglect emerged on Raven's test that showed a significant position-preference effect on right-sided items at the first evaluation (Table 1) . Then, at the second evaluation, left visuospatial neglect was confirmed, with both a more pronounced positionpreference effect with right-sided items on the Raven test and the occurrence of some errors with neglect point on a reading task (AAT battery). At the third evaluation, Bell's test was positive for left unilateral neglect for the first time, and further errors with neglect point emerged on the reading task. Moreover, signs of motor neglect exclusively affecting the left arm were reported by the caregiver and confirmed on the observational examination (e.g. CG's left arm assumed a quite passive posture and remained inactive during the visit).
Simultanagnosia
Simultanagnosia was evaluated using an object decision task (i.e. chimerical figures) taken from the Birmingham Object Recognition Battery (BORB, Riddoch & Humphreys, 1993) . Moreover, the dot counting task taken from the Visual Object and Space Perception Battery (VOSP, Warrington & James, 1991) was administered to examine the spatial abilities further.
Results showed that a mild impairment emerged with the object decision task (Table 3) as well as with the Dot counting task at the second evaluation (Table 3) . Such results were suggestive of simultanagnosia, especially considering that CG's performances on concurrent tasks of visual processing, both at a pre-associative (i.e. discrimination of Scribble test) and associative stage (i.e. picture-naming task) (see the section Visual-perceptual processing), were all unimpaired. Moreover, since CG suffered from marked visuospatial impairments more than visual perception impairments and had never read letter-by-letter, as is usually done by ventral simultagnosics (Riddoch et al., 2010) , we hypothesized that her simultanagnosia was of the dorsal type. https://doi.org/10.1080/23311908.2018.1452868
Optic ataxia
A simple reaching task was devised and administered to CG for assessing optic ataxia. In particular, CG had to reach and grasp an object (e.g. a little bottle of water) with her hand that was placed alternatively at one of three different locations (i.e. in high, middle, and low positions) in both her left and right visual hemifields. Moreover, CG had to execute the test under both the conditions of central (foveal) and peripheral vision and alternatively by using her right arm and her left arm. One point was scored for any appropriate grasping. The total score for each hand was 12 points (6 locations × 2 conditions). The results showed that CG's performance on the reaching task was fully unimpaired (Table 3) . Thus, optic ataxia was ruled out.
Balint-Holmes' syndrome
A complete Balint-Holmes' syndrome (see Vallar, 2007 ) never appeared; nonetheless, some features of the syndrome emerged. In particular, some signs of gaze apraxia and a suspected narrowing of the visuospatial attentional focus was noticed in the observational examination at the second visit. Moreover, simultanagnosia resulted in the object decision task being taken from BORB. Nonetheless, both optic ataxia and a defective ability in estimating distances and in-depth perception never emerged.
Gerstmann's syndrome
A complete Gerstmann syndrome (for a review see Rusconi, Pinel, Dehaene, & Kleinschmidt, 2010) emerged starting at the second evaluation. The emergence of the four impairments of the syndrome (i.e. finger agnosia, left-right disorientation, dysgraphia, and acalculia) was supported by the results of quantitative testing (see the sections Finger agnosia, left-right disorientation, Written language processing, and Number processing).
Body awareness processing
Finger agnosia
Finger gnosis was tested using a modified version of the task for finger localization by Spinnler and Tognoni (1987) . In the standard version of the task, the patient's hand is covered, and the examiner touches simultaneously two of her/his out-of-sight fingers. The patient's task is to point to the fingers on a drawing of her/his hand that she/he feels touched by the examiner. However, since CG showed severe difficulties in pointing, probably because of apraxia, we had to modify the standard procedure of the task and train CG to name the out-of-sight fingers that she felt was touched by the examiner instead of pointing them on a drawing of the hand as in the standard version.
Results showed that CG's performance was severely impaired in the modified version of the finger localization task, especially, but not exclusively, for the left hand (Table 3) . These results were suggestive for finger agnosia. An alternative explanation based on CG's difficulty in naming related to aphasia seemed less convincing. In fact, CG suffered from mild aphasia at that time, whereas her performance on the finger gnosis task was severely impaired. Moreover, omissions and other signs of word-finding problems (e.g. circumlocutions, verbal and semantic paraphasias, semantic conduite d'approche) were rare (i.e. 2 omissions out of 12 items). Finally, CG was able to retrieve the names of no less than four different fingers (i.e. the thumb, forefinger, middle finger, and little finger) without any word-finding hesitations during the visit.
Autotopagnosia
Body schema abilities were examined using a shortened version of Semenza and Goodglass (1985) battery, which included some tests of naming as well as of pointing to body parts. More details are that two tasks of naming body parts (respectively on patient's body and on examiner's body) and two tasks of pointing to body parts (respectively, on patient's body and on examiner's body) were administered (Table 3) . Both the tasks of naming and pointing to body parts on the patient's body had to be executed with eyes open in the first section and with eyes closed in the second section. A crossed-pointing task was also administered in which CG had to use her right hand to point to some parts on her left hemi-body and her left hand to point to some parts on her right hemi-body (Table 3) .
Results showed that both tasks of naming body parts were relatively unimpaired (Table 3) . Also, the three pointing tasks of the Bisiach battery (i.e. the two tasks of pointing to body parts and the crossed-pointing task) all resulted in being relatively unimpaired (Table 3) . Therefore, a diagnosis of autotopagnosia was excluded. Moreover, no differences emerged between the conditions of open and closed eyes in the task of pointing to body parts on the patient's body.
Left-right disorientation
Left-right disorientation was assessed using the same tasks utilized for assessing autotopagnosia. The pointing tasks included in the Bisiach battery called for the patient to point to alternating right or left body parts. In the same way, the patient had to declare the parts of the left vs. right side of the body pointed to by the examiner in the naming tasks of the battery. Therefore, the results from these tests were also used to identify possible left-right disorientation. Moreover, the crossed-pointing task from the same battery was also an appropriate tool for the assessing of left-right discrimination.
The results showed that CG had severe left-right disorientation. In fact, the tasks from the Bisiach battery requiring left-right discrimination were all impaired (Table 3) . On the whole, CG made 30 errors out of the 48 left-right discriminations requested (62.5%).
Agonistic dyspraxia
Awareness and representation of body parts were studied only in a preliminary way overall by observing CG's behaviors and reactions while she was performing tests involving limbs and hands movements, especially the De Renzi test of limb and limb-kinetic apraxia (De Renzi, 1985; De Renzi et al., 1980) . The results were somewhat unexpected. In fact, a phenomenon similar, but not coincident, to what other authors previously described and named as agonistic dyspraxia (Aboitiz et al., 2003) emerged. In particular, when a request of executing a movement of a forelimb (for example, the right one) is made, the patient suffering from agonistic dyspraxia correctly executes that movement but does it by using her/his contralateral forelimb (the left one in the example) instead of the correct forelimb that remains immobilized. Moreover, this contralateral movement is experienced as involuntary by the patient, who has serious difficulties in controlling it. Finally, agonistic dyspraxia occurs only when unilateral movements are requested by a verbal command and not under imitation or spontaneous execution. Similar to the descriptions of agonistic dyspraxia, when CG had to perform a movement with her left or right hand, the other hand (the right or the left, respectively) replaced it and automatically or compulsively executed that movement, performing the same purposeful action in its place (i.e. the agonistic hand). CG had difficulties counteracting these substitutions, and after she corrected herself, a new replacement occurred. As a consequence, her behavior appeared as being hesitant. This phenomenon of replacing was evident both under imitation and verbal command and only occasionally presented also in spontaneous movement. However, in a quite different way from patients with agonistic dyspraxia (Aboitiz et al., 2003) , the substitutions managed by the agonistic arm and hand of CG seemed to start exclusively after that the correct arm had begun its movement, just like in mirror movement (see Boeve et al., 2003) . It seemed that the agonistic arm of CG was called to action in a mirroring way, but as soon as it started to imitate what the other arm was doing, this last arm stopped moving. Therefore, simultaneous concurrent movements of both arms, as it occurs in the classical mirror phenomenon (see Boeve et al., 2003) , never appeared. Interestingly, there emerged no differences in agonistic dyspraxia between the left and right arm and hand up to the second visit (i.e. the left hand replaced the right one and vice versa with the same frequency). In contrast, at a more advanced stage of disease, CG's right hand replaced the left one more often.
Other phenomena
The possible occurrences of intermanual conflict, as well as of the anarchic and alien hand syndromes, were studied by interviewing CG's caregiver and by observing her spontaneous behavior at the visits and during her performance on the De Renzi test.
The results showed that, even if CG experienced involuntary movements like those described above (i.e. agonistic dyspraxia), an experience of estrangement from and personification of the limbs never appeared (i.e. alien hand). Moreover, CG sometimes experienced hand and arm movements as being slightly unwilled but never as being strange and uncooperative (i.e. anarchic hand). Furthermore, no feelings of having additional fingers or limbs emerged (i.e. supernumerary hand). In addition, bimanual coordination was preserved, and CG had no problems performing actions requiring simultaneous cooperation of both hands (e.g. opening a bottle of water, closing her pencil case, putting on and off a pen's cap, cutting a sheet of paper with a scissors, opening a padlock with a key). Additionally, we never observed one of CG's hands performing actions to the contrary and in an opposite way to (i.e. diagonistic dyspraxia), or interfering with (i.e. intermanual conflict), the actions performed by the other hand. Also, although clear signs of somatic personal neglect (i.e. hemisomatoagnosia) never appeared, some signs of motor neglect affecting the left upper limb were noticeable at the observational examination starting at the second evaluation. Furthermore, at the time of the second evaluation, CG's caregiver reported that CG's left forearm remained frequently raised to approximately 45 degrees when she was holding her bag (i.e. levitating hand). Finally, magnetic errors (i.e. magnetic apraxia) frequently emerged on the De Renzi test, without differences between the left and right body side, at all the three evaluations, and a more general magnetism was confirmed in CG from many occurrences of the closing-in phenomenon when drawing (see Ambron & Della Sala, 2017; Conson, Salzano, Manzo, Grossi, & Trojano, 2009 ). On the whole, all the symptoms collected (i.e. bilateral agonistic dyspraxia, left arm levitation and bilateral magnetic apraxia) resembled a mild corticobasal or posterior variant of alien hand syndrome (Semenza, 2003) .
Language processing
Oral language processing
The language was examined using the picture-naming test (Laiacona et al., 1993) and by the Achener Aphasia Test (Luzzatti, Willmes, & De Bleser, 1996) .
Results showed overall that aphasia was a salient aspect of the CG's cognitive profile, even if less prominent and early when compared to impairments of other cognitive domains. In fact, aphasia started only from the second evaluation and was never severe. Specifically, no signs of aphasia appeared in the conversational speech during the first evaluation; only rare hesitations of articulation and infrequent and brief word-finding latencies were noticeable. Auditory comprehension was preserved. No difficulties emerged with the repetition item of the MMSE, and the picture naming test was unimpaired (Table 1) .
At the second visit, speech was fluent with normal utterance length, but its rate was slowed by word-finding difficulties. Moreover, frequent use of imprecise words was evident, and negligible impairments of articulation, as well as minimal signs of paragrammatism, were also noticeable. Furthermore, some suspects for auditory comprehension impairment emerged with conversation. Regarding the results of the AAT, repetition was globally preserved with some minor difficulties exclusively emerging with the longest sentences. Moreover, no significant deficits emerged in the naming task (Table 1 ). In contrast, moderate impairments of both auditory and written comprehension were confirmed in the Token test as well as in the comprehension task of the AAT. On the whole, a profile resuming transcortical sensory aphasia of mild gravity resulted from the data collected.
At the third evaluation, aphasia had worsened, and its profile had changed to mixed transcortical aphasia of moderate gravity. The conversational speech appeared globally fluent; nonetheless, brief, stereotyped and often interrupted utterances, together with mild articulatory problems, were evident. Moreover, mild echolalia and more clear signs of paragrammatism, as well as some phonological paraphasias, were present. Furthermore, both word-finding difficulties and auditory comprehension impairments had worsened in conversation. Regarding the results of testing, the deficits in both the picture naming test (Laiacona et al., 1993) and the naming task of the AAT had worsened (Table 1) . Moreover, the impairment in the Token test as well as in the comprehension tests of the AAT became severe. Finally, repetition was still minimally impaired, with some slight difficulties emerging exclusively with the longest sentences.
Written language processing
Written language processing was assessed only in a preliminary way. In particular, three tasks of written language included in the AAT battery were administered: a task of reading of words (both regular and irregular) as well as of brief sentences, a task of writing with tokens (the tokens representing single letters in a first section of the task and words in a second section), and finally a task of handwriting to dictate. Moreover, spontaneous handwriting was also examined.
No difficulties emerged on the reading of simple sentences, like those included on the MMSE, at the first evaluation. At the second evaluation, the reading abilities resulted as minimally impaired, especially in the task of reading brief sentences on the AAT (score = 26/30). Moreover, some errors containing the neglect point (Ellis, Flude, & Young, 1987) emerged, suggesting very mild neglect dyslexia. At the third evaluation, the performance on the reading task of the AAT was more clearly impaired (score = 17/30). In particular, there were many errors, especially in the reading of sentences as well as of irregular words (i.e. reading irregular words scored 1/3 compared to a score of 3/3 in reading regular words). Moreover, errors in neglect point were also frequent. Consequently, a diagnosis of peripheral dyslexia, probably neglect dyslexia, was confirmed, and a preliminary diagnosis of surface dyslexia was suggested for the first time by considering the selective errors in the reading of irregular words. Unfortunately, the reading task included a limited number of items (i.e. only 3 regular and 3 irregular words) and did not include non-words; therefore, a more accurate diagnosis of dyslexia cannot be made.
Regarding the results of writing abilities, CG's performance resulted as being severely impaired (score = 3/30) in the task of writing words and brief phrases under dictation, starting from the second evaluation. In contrast, only a minimal impairment in the task of writing with tokens under dictation (score = 24/30) emerged at the same evaluation. Concomitantly, severe difficulties emerged in the spontaneous handwriting of single words, and the handwriting of sentences was unfeasible. At the third evaluation, CG's dysgraphia had notably worsened, and any further examination was not possible. Taking into account a qualitative analysis of CG's errors in writing, as a whole, CG's handwriting was almost completely illegible. Specifically, most of her errors involved letter morphology and suggested allographic impairments (e.g. the use of upper-and lower case letters in the same word). Moreover, frequent scrawls emerged in CG's writing because either the letters in a word often overlapped and/or the lines of a single letter were perseverated (i.e. motor, continuous perseverations). Furthermore, spatial errors characterized especially by misalignment also emerged. In contrast, micrography was absent. In sum, taking into account the characteristics of CG's spontaneous handwriting, as well as the dissociation that resulted between the two dictation tasks, with a severe impairment on handwriting and a relative preservation in writing with tokens, a diagnosis of peripheral dysgraphia (i.e. apraxic agraphia) was formulated (Passov, Gavrilova, Strand, Cerhan, & Josephs, 2011) . Unfortunately, because of the severity of peripheral distortions, a study of possible forms of central dysgraphia was unfeasible.
Number processing
CG's arithmetical abilities were examined using a brief test battery for acalculia included in the Esame Neuropsicologico per l'Afasia (Capasso & Miceli, 2001) . It involves some different tasks of number processing (i.e. repetition, reading, dictating and transcoding tasks) as well as some common arithmetical operations (i.e. addition, subtraction and multiplication).
Results were strongly indicative of acalculia: among the seven tasks included in the ENPA battery, only the task of repetition resulted in being unimpaired (Table 3) . In particular, a diagnosis of acalculia, including impairment of both number-processing and calculation, was formulated.
Regarding number-processing, both number production (i.e. writing of numbers from dictation) and comprehension (i.e. reading of numbers) were impaired. Moreover, selective impairment of graphemic processing, both of Arabic numerals and verbal numerals, seemed to emerge. Furthermore, a qualitative analysis of the errors showed that both syntactic and lexical errors were evident, both in the reading and writing of numbers. Besides, severe difficulties emerged also in the transcoding task. In contrast, no impairment of phonological processing emerged (i.e. repetition was preserved). Regarding impairments of calculation, they seemed to involve the retrieval of both arithmetical facts and calculation procedures. In contrast, no disorder in processing arithmetical symbols emerged.
Pre-frontal executive processing
Executive pre-frontal functions were evaluated by means of a task of working memory (digit span backward; Orsini et al., 1987) , the phonological fluency test (Novelli et al., 1986) , a verbal semantic fluency task (Spinnler & Tognoni, 1987 ) and the Cognitive Estimate Test (CET; Della Sala, MacPherson, Phillips, Sacco, & Spinnler, 2003) . Moreover, logical deductive visual reasoning was investigated using Raven's colored progressive matrices test (Basso et al., 1987) .
The results showed that some pre-frontal functions were slightly impaired, starting at the second evaluation. However, executive impairments were very mild, and a complete dysexecutive syndrome never appeared; therefore, these impairments should be considered as a secondary aspect of CG's cognitive profile. In particular, a selective mild deficit of working memory resulted in digit span backward at the first evaluation. Conversely, the other tests of executive functioning were unimpaired (Table 1) . Moreover, CG preserved good insight. Finally, the results of Raven's colored progressive matrices test were at all times disputable because of the emergence of a preference effect for rightside items, probably due to unilateral neglect.
At the second evaluation, executive impairments were slightly more evident. In particular, some deficits emerged both in the working memory task and the cognitive estimates test. Noteworthy is that CG's performance on the verbal fluency tasks was still in the normal range; moreover, she still preserved full insight. At the third evaluation, executive impairments had worsened slightly (Table  1) ; moreover, CG showed partial insight for the first time.
As described above, CG's pre-frontal function impairments involved the executive functions exclusively, and apart from a mild bradyphrenia, compelling signs of akinetic and disinhibited pre-frontal syndromes never appeared.
Memory processing and orientation
Anterograde long-term memory was assessed using the prose recall test (Spinnler & Tognoni, 1987) , and verbal short-term memory was assessed using the forward digit span test (Orsini et al., 1987) . Results showed that long-term memory was one of the best preserved cognitive domains. In fact, the anterograde verbal memory test (prose recall) resulted as unimpaired. Moreover, memory problems were never reported by CG's caregiver, and perseverations in the discourse or other signs of episodic amnesia never emerged from the observational examinations at the successive visits. Furthermore, signs of retrograde amnesia never emerged by interviewing CG. Also, the unimpaired performance on the picture naming test supported the preservation of semantic memory. However, a slight impairment in short-term memory emerged on the digit span test at the third visit (Table 1) . Regarding orientation, it emerged that personal, familial, temporal, spatial and contextual orientations were all preserved at the first and second evaluations. At the third visit, it was difficult to test orientation because of aphasia. Nevertheless, orientation was tested by recognition instead of free recall, and CG did not make any errors.
Visual-perceptual processing
Visual perception was studied using the discrimination of Scribbles test (Spinnler & Tognoni, 1987) and by analyzing CG's object recognition performance on the picture-naming task (Laiacona et al., 1993) .
Results showed that visual perception was one of the best preserved cognitive domains. The caregiver never reported difficulties of CG at recognizing and identifying familiar faces as well as known objects or places. Moreover, the task of apperceptive agnosia (Scribble discrimination test, Table 3 ) resulted in the normal range at the time of the second evaluation, supporting the preservation of an early stage of visual processing. Furthermore, CG's performance on object recognition on the picture naming task was unimpaired; thus, the emergence of associative agnosia was ruled out (Table 1) . A mild deficit in the picture naming task emerged at the third visit; nevertheless, the errors were attributable to aphasia and not to agnosia.
Discussion
The cognitive phenotype of CBS
General
This single case study supports the notion that cognitive impairments are a very relevant feature of CBS. In fact, the longitudinal neuropsychological assessment showed a significant cognitive dysfunction, with some cognitive impairments starting at an early stage of disease. Moreover, the complex pattern of cognitive impairments demonstrated by CG overlapped the pattern usually described in CBS (Graham et al., 2003; Murray et al., 2007) . In particular, CG's cognitive profile was dominated by limb apraxia, which was associated with limb-kinetic as well as constructional apraxia from an early stage of disease. Moreover, gaze, truncal and dressing apraxia were present starting from a later stage of disease. In contrast, oral, eyelid, ideational and conceptual apraxia were relatively absent. Visuospatial skills disorder, especially involving visuospatial attention impairments, constructional apraxia, mild unilateral neglect and simultanagnosia, was the second most important impairment of CG's cognitive profile. In contrast, topographical disorientation never appeared. Aphasia was another salient impairment, even if it was not a prominent aspect at an early stage. It first was diagnosed with mild transcortical sensory aphasia and then changed into mixed transcortical aphasia of moderate severity. Moreover, early and severe agraphia, probably of the peripheral type, together with very mild neglect dyslexia, was associated with aphasia. Another relevant syndrome of the CG's cognitive phenotype was a posterior variant of alien hand syndrome (Semenza, 2003) . It comprised different phenomena, including (left) levitating hand, magnetic apraxia and an impairment similar to what some authors named agonistic dyspraxia (Lavados et al., 2002) . Furthermore, a complete Gerstmann syndrome emerged, characterized by acalculia, finger agnosia without autotopagnosia, left-right disorientation and agraphia, and a partial Balint's syndrome, including gaze dyspraxia, simultanagnosia and a narrowing of the visual attention focus but without manifest optic ataxia and no apparent deficits in estimating distances and in depth perception. Considering the secondary aspects of CG's cognitive phenotype, some executive impairments emerged, starting at the second visit. However, insight was preserved, and compelling signs of the akinetic or disinhibited pre-frontal syndromes never appeared. The remaining cognitive domains appeared well preserved. In particular, signs of amnesia (i.e. anterograde, retrograde and semantic amnesia), disorientation (i.e. spatial, temporal, personal, familial and contextual disorientation), and visual agnosia (both apperceptive and associative) never emerged.
Apraxia
To the best of our knowledge, there are few studies in which limb apraxia has been assessed longitudinally using a standardized test in CBS patients as made in this study (Stamenova et al., 2009) . In doing so, not only the relevance and severity of limb apraxia in CBS was confirmed by precise quantitative data, but also its pejorative and relatively rapid course over time was adequately traced. Moreover, quantitative measures of apraxia allowed us to make accurate comparisons between the left and the right upper limb performance. Thus, robust data about the issue of symmetry vs. asymmetry of apraxia along the disease course were obtained (see Section 5).
Regarding the results about limb-kinetic apraxia in CG's case, it should be noted that since the De Renzi test includes items also investigating finger movements, it was considered an adequate tool for evaluating not only limb but also limb-kinetic apraxia (Borroni et al., 2008a; Soliveri et al., 2005) . In this respect, data from this study confirmed the relevance of limb-kinetic apraxia in CBS and its association with limb apraxia (Borroni et al., 2008a; FitzGerald et al., 2007; Leiguarda et al., 2003; Soliveri et al., 2003 Soliveri et al., , 2005 . Moreover, CG's case highlighted that limb-kinetic apraxia could have an early onset in CBS and that it could also be bilateral instead of unilateral as usually reported (Stamenova et al., 2009) . Furthermore, the different drop in time traced between limb and limb-kinetic apraxia supported the distinction between these two forms of apraxia as well as the notion of limb-kinetic apraxia as a separate clinical entity.
As for other apraxias in CG's case, on the whole, this study suggested a relative heterogeneity. First, apraxia also affected movements of body parts different from the arms (limb-apraxia) and the fingers (limb-kinetic apraxia). For example, clear signs of gaze and truncal apraxia emerged in CG's case, as similarly reported in other CBS cases (Okuda et al., 2001; Rajagopal et al., 2011) . Second, apraxia seemed to strongly contribute to an impairment of complex functions, such as handwriting (apraxic agraphia), drawing (constructional apraxia) and dressing (dressing apraxia) in CG's case. However, relative preservation of orofacial praxis was confirmed (Stamenova et al., 2009) . Regarding the analysis of type as well as mode of gestures, CG's case study seems to confirm previous data showing that imitation was more affected than pantomime in CBS Peigneux et al., 2001; Spatt et al., 2002; Stamenova et al., 2011) . In fact, even though the comparison between pantomime and imitation tasks was not statistically significant at the time of the second evaluation, a clear difference emerged between them early on at the first evaluation, when the pantomime task resulted as unimpaired and the imitation task was clearly impaired and suggestive of limb apraxia (De Renzi test). The fact that imitation was exclusively impaired constitutes an original finding in a CBS patient, considering that usually both pantomime and imitation are reported as impaired in CBS (Stamenova et al., 2009 ). Moreover, this finding suggests that an imitation task could be the most sensitive to detect limb apraxia in an early stage of CBS. Taking into account the comparison between pantomime and object use, no statistically significant difference emerged; nonetheless, a small advantage of object use seemed to emerge, in agreement with many previous data (Graham et al., 1999; Jacobs et al., 1999; Leiguarda et al., 2003; Spatt et al., 2002; Stamenova et al., 2009) . Regarding the comparison between transitive and intransitive gestures (with pantomime), it emerged that both types of gestures were affected, but transitive gestures were more affected, as already found in previous CBS cases (Chainay & Humphreys, 2003; Pharr et al., 2001; Salter et al., 2004) . As to the distinction between meaningful (representational) and meaningless (non-representational) gestures, the results showed that both types of gestures were equally affected, just as reported in other CBS patients (Buxbaum et al., 2007; Leiguarda et al., 2003; Merians et al., 1999; Salter et al., 2004; Spatt et al., 2002; Stamenova et al., 2009 ).
Regarding the possible accounts of apraxia, some further conclusions seemed to emerge from the CG's case study. First, following the apraxia information-processing model proposed by Roy (1996) , CG's case study further confirms the view that apraxia in CBS was characterized by an impairment in the production system overall in an early and/or intermediate stage of disease with a concurrent preservation of the conceptual system (Stamenova et al., 2009) . Forthcoming damage to the conceptual system seemed to emerge in a late stage of disease in CG's case, as signaled by the errors in the tool naming task. Moreover, the study of the different task modalities and gesture types shows that overall CBS affects the direct route to imitation at an early stage of disease with relative preservation of the indirect route. CG concurrently showed, in fact, impaired imitation of meaningless gestures (direct route) and relative preservation of pantomimes (indirect route). The concurrent impairment of the imitation of meaningful gestures found in CG's case could be explained, as suggested by other authors (Stamenova et al., 2011) , either from the patient being in some way forced to use the direct route to imitation or from a disconnection between hypothetical input and output semantic systems (input and output praxicon) in gesture processing (Gonzalez Rothi, Ochipa, & Heilman, 1991) . Finally, a definite impairment of the pantomimes, also signaling disruption of the indirect route of gesture production, was evident starting at an intermediate stage of the disease.
Visuospatial functions impairment
CG's case study confirms the relevance of visuospatial skill disorders in CBS; in fact, CG showed many significant visuospatial impairments, including visuoconstructional impairments, visuospatial attention disorders, unilateral neglect, and probably simultanagnosia. Considering that visual agnosia and severe dyslexia were absent, CG's case supports the view that CBS is a "where" stream disorder that is against the preservation of the "what" stream (Bak et al., 2006; Possin, 2010) . Moreover, CG's case draws attention to visual-spatial attention impairments, a feature less frequently reported in CBS. Actually, some previous descriptions of CBS patients included features that could suggest visual spatial attention impairments, such as being unable to follow printed material from line-to-line (Tang-Wai et al., 2003) , correctly cancel a target in a field of letters (FitzGerald et al., 2007) or find objects within visual space (Rajagopal et al., 2011) . However, CG had striking and primary visuospatial attention disorders characterized by an inefficient exploration of the visual space, distractibility, problems in disengaging attention (i.e. sticky fixation) and a suspected narrowing of the visual attentional focus. These elements strongly suggest a dysfunction of the posterior attentional system (PAS, Posner & Petersen, 1990) , the complex system comprising cortical and sub-cortical centers (i.e. posterior parietal cortex, especially lateral parietal cortex, thalamic nuclei connected with the pulvinar and the reticular nucleus, and superior colliculus) that manage the spatial components of visual attention.
Posterior alien hand syndrome
What the mild form of alien hand syndrome showed by CG is known as a corticobasal or posterior variant of alien hand syndrome (Kloesel, Czarnecki, Muir, & Scott Keller, 2010; Semenza, 2003) , and it has already been reported in other CBS cases (Delrieu et al., 2010) . The posterior alien hand syndrome of CG included left arm levitation, magnetic apraxia (Denny-Brown, 1958) and an impairment similar to a condition that some authors have named agonistic dyspraxia (Aboitiz et al., 2003) . However, magnetic apraxia, which is a well-known form of the alien limb phenomenon (FitzGerald et al., 2007) , was very mild in CG's case and only consisted of some involuntary reaching behaviors with her hands in some tests and some occurrences of the closing-in phenomenon in the drawing. Agonistic dyspraxia in CG consisted in "substitutions of movements" for which, as soon as one of her forelimbs and/or hands (left or right) started to perform a requested movement (invariably on verbal command, imitation, and sometimes also in spontaneous execution), the other limb (right or left, respectively), probably after being activated in a mirrored way, replaced it and automatically or compulsively performed the same action in its place.
Regarding other manifestations of alien hand syndrome, CG never exhibited phenomena pertaining to frontal magnetic apraxia, like a compulsive tactile exploration of objects, grasping and groping behaviors, and imitation and utilization behaviors (Lhermitte, 1983; Lhermitte, Pillon, & Serdaru, 1986) . Moreover, other features of the classical alien hand syndrome (e.g. alien and anarchic hand, intermanual conflict) were absent. Finally, the emergence of a posterior variant of alien hand syndrome in CG's case was consistent with her primary bi-parietal neuropsychological dysfunction and the mild impairment of more anterior functions, like pre-frontal executive functions.
Aphasia
As reported in the introduction section, aphasia is a very common impairment in CBS (Frattali et al., 2000; Graham et al., 2003; Mahapatra et al., 2004; McMonagle et al., 2006; Murray et al., 2007) and is typically of the non-fluent type (Graham et al., 2003; Mahapatra et al., 2004; McMonagle et al., 2006; Tree & Kay, 2008) . Despite this apparent general agreement about the pattern of language impairments in CBS, a relative heterogeneity emerged among aphasic syndrome diagnoses in the studies in which an accurate classification of aphasia was possible. Actually, all the main classic aphasic syndromes seemed to be reported, in at least some CBS cases (i.e. global, Broca, transcortical motor, conduction, anomic, Wernicke, and transcortical sensory aphasias) (Frattali et al., 2000; Graham et al., 2003; Kimura et al., 2008; McMonagle et al., 2006 ). CG's case seems to confirm this heterogeneity of the aphasic presentations in CBS. In fact, although the transcortical sensory aphasia shown by CG at an early stage of disease has already been reported in some previous CBS cases (Graham et al., 2003; McMonagle et al., 2006) , to the best of our knowledge, there are no preceding reports of mixed transcortical aphasia in CBS at an intermediate or a more advanced stage. Specifically, aphasia in CG's case was fluent, with prominent word-finding difficulties and comprehension deficits. Nonetheless, it showed a progressive conversion from a posterior (e.g. anomic aphasia) to a more anterior aphasia, with some features of non-fluent aphasia added at an intermediate stage (e.g. brief, stereotyped and often interrupted utterances; mild articulatory problems; signs for paragrammatism), similar to what is recorded in the course of aphasia in other CBS cases (McMonagle et al., 2006) . Therefore, CG's case report supports the view that aphasic syndrome in CBS could strictly depend on the time of evaluation, and there might be a tendency to find the non-fluent type at an intermediate or a more advanced stage of disease. Vice versa, the fluent type could be present at an earlier stage of the disease, as shown in CG's case. In conclusion, caution is required when assessing a typical aphasic syndrome in CBS, irrespective of the evaluation time along the disease course. Interestingly, according to Catani et al.'s hypothesis (Catani, 2005; Catani, Jones, & Ffytche, 2005) , mixed transcortical aphasia could be provoked by damage to the posterior segment of the indirect pathway of the arcuate fasciculus linking Wernicke's area to the inferior parietal lobule and concurrently to the anterior segment (in CG's case probably partially) linking the inferior parietal lobule to Broca's area. This model aligns with the possible origin of mixed transcortical aphasia in CG. In fact, damage to left inferior parietal lobule in CG's case probably extended to deep white matter and thus possibly intercepted the posterior segment of the indirect pathway of the arcuate fasciculus.
CBS clinical heterogeneity: A posterior variant
Diagnostic criteria for CBS
CG exhibited a complex syndrome characterized by an insidious onset and a progressive course that involved motor (i.e. rigidity, myoclonus, and truncal dystonia), cortical motor-sensory (i.e. apraxia, number processing deficits, cortical sensory loss, and posterior alien hand syndrome), and cognitive features (i.e. language impairment, visuospatial deficits and mild pre-frontal dysfunction) that are levodopa-resistant and associated with early focal parietal and later parietal-frontal atrophy on brain imaging. Moreover, albeit initially symmetric, the motor (i.e. rigidity and myoclonus) and cortical motor-sensory features (i.e. limb apraxia and posterior alien hand syndrome) became asymmetric, with the left side more affected than right one, starting at the second evaluation at 32 months post-disease onset. From this stage on, CG's clinical picture assumed an asymmetrical course. The whole clinical phenotype described at 32 months post-onset fully resembles a diagnosis of CBS according to all the current accepted diagnostic criteria (Mathew et al., 2011 ) (i.e. Toronto criteria (Lang et al., 1994) , Mayo Clinic criteria and modified Cambridge criteria (Bak et al., 2008; Mathew et al., 2011) ). Moreover, CG's syndrome resembles the clinical phenotype of possible corticobasal syndrome recently outlined by some authors (Armstrong et al., 2013) in their proposal of new criteria for the diagnosis of CBD.
Symmetry vs. asymmetry
Interestingly, CG could be viewed as an unusual case of CBS because her motor symptoms had a bilateral and symmetric onset. In fact, parkinsonism and myoclonus affected both her arms equally at CBS presentation. Also, limb and limb-kinetic apraxia (Table 4) , as well as the mild posterior alien hand syndrome, were first bilateral, affecting both upper limbs with the same gravity. In full agreement, a strongly symmetrical parietal atrophy appeared on neuroimaging. The CBS-defining feature of marked asymmetry of the motor symptoms (Mahapatra et al., 2004) , together with asymmetry of limb apraxia (Table 4) as well as of posterior alien hand syndrome, emerged only at the second visit, approximately 30 months post-disease onset. Then, CBS assumed the usual progressive asymmetric course with both motor and motor sensory-cortical features affecting the left limb more than the right one. At this time, an initial mild asymmetric hypometabolism (right hemisphere > left hemisphere) was found on the brain SPECT scan. The symmetrical onset as well as the asymmetrical course of disease in this study was supported by quantitative data from the De Renzi test of apraxia that did not show any left-right difference at the first evaluation and did show more severe apraxia to the left limb at all the subsequent assessments (Table 4) . Interestingly, Dopper et al. (2011) described the case of a 61-year-old male patient with an atypical CBS presentation, including symmetrical rigidity, ideational and ideomotor apraxia and later dystonia in his left leg, without alien hand phenomenon and myoclonus. This clinical presentation paralleled mild symmetrical cerebral atrophy, especially frontoparietal and perisylvian, on MRI and symmetrical frontoparietal hypometabolism on SPECT. Moreover, the patient was found to be a sporadic case of FTLD-TDP type 3 pathology due to a novel progranulin mutation. The authors named this case as symmetrical CBS. CG's case study replicates the finding by these authors (Dopper et al., 2011 ) of a symmetrical CBS (S-CBS), even when considering the first part of the disease course. Moreover, this replication extends this finding to a more classic CBS. A patient studied by (Dopper et al., 2011) in fact exhibited some unusual features in respect to a classical CBS (e.g. marked behavioral changes, memory impairment, and preserved visuospatial functions) but lacked other typical CBS signs and symptoms (e.g. myoclonus and alien hand syndrome). Another finding from CG's case study suggests that cases of S-CBS might not be so rare and atypical if patients were studied at a very early stage of disease. In fact, the time interval between disease onset and the first visit in both CG's case and the case described by Dopper and co-authors (i.e. respectively 18 and 24 months post-disease onset) was relatively briefer than those in other CBS case series (e.g. 32 months post-disease onset, Murray et al., 2007 ; 36 months post-disease onset, Borroni et al., 2008b ; 48 months post-disease onset, Stamenova et al., 2009 ; 84 months post-disease onset, Stamenova et al., 2011) . Therefore, in agreement with the symptoms progression in CG's case, which was first symmetric and became asymmetric at approximately 30 months post-onset, it cannot be excluded that typical asymmetric CBS reported at a middle stage of disease course, when patients are usually studied, actually would have been preceded by an atypical symmetric CBS presentation. This hypothesis seems to be plausible for those patients whose motor and motor-sensory cortical symptoms were bilateral but more severe on a defined body-side at a middle disease stage (relative asymmetry). In contrast, it obviously appears to be less plausible for those patients who presented with focal symptoms at a middle disease stage (absolute asymmetry).
Regarding another previous study that is relevant to the issue of symmetry/asymmetry, some authors retrospectively selected five patients with symmetrical clinical presentations from an autopsy-proven CBD case series and compared them with other classical asymmetric CBD patients of the same series (Hassan et al., 2010) . All symmetric CBD cases had symmetric brain atrophy on MRI scans and an absence of asymmetric frontoparietal hypometabolism and/or hypoperfusion on PET and/or SPECT scans. Age of onset of symmetric CBD was more praecox (i.e. mean age of 61 years, with a range of 40-69 years vs. a mean age of 66 years with a range of 61-73 years); moreover, it had a similar duration but a more frequent family history of dementia. Phenotypes of symmetric CBD cases were: atypical AD (one case), bvFTD (three cases) and FTDP (one case). Behavioral changes were prominent in symmetric CBD cases and core features of CBS, such as myoclonus, dystonia, limb apraxia and alien limb phenomenon, were all absent. Based on these findings, the authors suggested that symmetric CBD (S-CBD) may be different from the more typical asymmetric variant presenting as CBS.
No pathological data were available in CG's case, and this was a limitation of the study. However, irrespective of the brain pathology, this study demonstrates that the attribute of symmetry can be associated with an otherwise classical CBS over a reliable period of the disease course, and more generally, that symmetric and asymmetric phenotypes can be associated with the same syndrome/ disease at different moments of its course. Thus, CG's case study suggests that caution should be used in using symmetry or asymmetry as a defining feature of CBS and/or CBD. In other words, the evidence of an S-CBS suggests not stressing asymmetry in the diagnostic criteria of CBS overall at onset or at an early stage of the disease, which are the most important times for diagnosing dementia. On the other hand, this study confirms the association between an asymmetric course and CBS starting at an intermediate stage of the disease.
CBS and PCA
CBS and PCA are two distinct clinical entities, each one with its current diagnostic criteria (for PCA see Crutch et al., 2017) . Nonetheless, as previously reported by some authors (Alladi et al., 2007) , there is an overlap of cognitive features between CBS and PCA, with both syndromes being characterized by apraxia and prominent visuospatial features (e.g. visual neglect, Gerstmann's syndrome). Moreover, the possible involvement of parietal cortex asymmetry in both clinical variants makes it difficult to clinically distinguish CBS from PCA in certain cases (Alladi et al., 2007) . Furthermore, clinically diagnosed CBS patients have been reported who show marked visuospatial dysfunction (Bak et al., 2006) , including signs of Balint's syndrome (Mendez, 2000; Rajagopal et al., 2011) , which is considered one of the core features of the PCA syndrome (Crutch et al., 2017) . In addition, at least three pathologically diagnosed CBD patients and one patient without pathologic diagnosis have been reported with a PCA syndrome as a presenting symptom followed by signs of CBS (i.e. asymmetric apraxia and parkinsonism) later in the course of the illness (two patients studied by Tang-Wai et al., 2003 ; one patient by Lee et al., 2011 ; one patient by Giorelli, Losignore, Bagnoli, Difazio, & Zimatore, 2014) . Finally, a subgroup of PCA patients has been found to show motor features commonly associated with CBS (i.e. limb rigidity and apraxia, myoclonus, tremor and alien limb phenomenon) (Ryan et al., 2014) .
In this regard, CG's case study further confirms that there is a close overlap between CBS and PCA syndrome. In fact, CG's clinical picture comprised many features in agreement with the diagnostic criteria of CBS; nonetheless, it also included some of the core diagnostic features of PCA. Moreover, CG showed many cognitive features of a PCA variant known as the bi-parietal syndrome (i.e. apraxia, visuospatial impairments, agraphia, preserved basic perceptual abilities, and preserved object recognition and reading) (Alladi et al., 2007; Crutch et al., 2017) . As recently noted by some authors (Crutch et al., 2017) , further studies are necessary to better disentangle PCA syndrome from related syndromes, such as CBS. CG's case study highlights that a detailed study of the bi-parietal syndrome may play an important role to this aim because it may pertain to both PCA syndrome and CBS.
Posterior variant of CBS (P-CBS)
In sum, CBS in CG's case showed some atypical features characterized overall by a clear symmetrical presentation and an early posterior global aspect of cognitive and motor cortical impairments (e.g. initial fluent aphasia, posterior alien hand syndrome), included many features of the PCA bi-parietal syndrome, and lacked more anterior CBS-typical features (e.g. alien hand, early non-fluent aphasia, behavioral disturbances, personality changes). Moreover, basal ganglia were apparently not involved, which was found in previous CBS cases (Ceravolo et al., 2013; Cilia et al., 2011; Hammesfahr et al., 2016; Homma et al., 2014) . Thus, CG's case study further supports the clinical heterogeneity of CBS's presentation. Moreover, it suggests the emergence of a specific clinical variant of CBS with pronounced posterior involvement (posterior-CBS), as recently found by some authors who proposed to label it as a Gerstmann variant of CBS (Di Stefano et al., 2016) . Considering the underlying brain pathology, despite the absence of an e4 allele from the apolipoprotein E (APOE) genotyping, Alzheimer's disease could be the main disease in CG's case, as it is frequently found in many previously described CBS patients (from 23 to 50%, Hu et al., 2009) , In fact, CG showed many of the clinical features suggestive of AD pathology vs. CBD pathology (e.g. young age of onset, occurrence of myoclonus, absence of tremors, severe visuospatial deficits, lack of orofacial apraxia, presence of dysgraphia, and important functional decline) (Burrell, Hornberger, Villemagne, Rowe, & Hodges, 2013; Hu et al., 2009) . Moreover, some studies found that widespread atrophy extending to involve the posterior parietal and temporal lobes, as found in CG's case, may indicate an underlying AD pathology (Burrell et al., 2013; Burrell et al., 2014; Di Stefano et al., 2016; Josephs et al., 2010; Lee et al., 2011; McMillan et al., 2016; Whitwell et al., 2010) .
Functional impact of CBS
Few studies have examined the impact of limb and limb-kinetic apraxia on competence and autonomy in performing activities of daily living in CBS patients (Stamenova et al., 2009) . To this purpose, successive semi-structured interviews, as well as basic (and instrumental) Activities of Daily Living scales (ADL and iADL), were administered to the caregiver. On the whole, the results showed that CBS was associated with a significant reduction of competence in performing activities of daily living at a very early stage of disease (i.e. before 18 months post-disease onset) in CG's case. Regarding the question of what cognitive impairments were responsible for the functional reduction, some authors underlined that it is difficult to distinguish the impact of apraxia from that of other motor and cognitive impairments that probably contribute to disrupting the performance on ADL in brain-damaged patients (Sunderland & Shinner, 2007) . With regards to this point, the analysis of CG's errors in performing activities of daily living strongly suggests impairment of praxis abilities rather than of other cognitive functions, at least for up to 32 months post disease onset (Table 4) . Moreover, starting from 32 months post onset, CG's caregiver frequently reported errors highly suggestive of a motor and/or other cognitive impairments and especially of visuospatial functions impairments (Table 2) . Thus, it is probable that the reduction of CG's autonomy in her daily life recorded from an intermediate stage and onward would be related not only to apraxia but also to other multiple cognitive impairments. In particular, we believe that the visual-spatial attention impairments played the main role in limiting CG's functional ability. In fact, they probably forced CG to perform actions in a warped visual spatial attention space and/or upon the wrong objects, toward which her attention focus was automatically engaged and from which she could not disengage her attention. As a consequence, visual spatial attention impairments probably neutralized the advantages offered by affordances to guide action and invite the use of objects (Norman, 1988) . Therefore, a concurrent disruption of both top-down (praxis) and bottom-up (affordance and invitation to use) processes, which are guides for action, inevitably caused important failures in performing activities of daily living in this CBS case. However, other different explanations cannot be excluded. For example, some authors proposed an interesting account based on the "technical reasoning hypothesis" that postulates that the ability to use tools and objects in daily life depends not only on semantic knowledge about tool function and context of use but also on technical reasoning of mechanical properties of tools and objects (Baumard et al., 2016; Goldenberg & Spatt, 2009 ). In particular, they suggested and preliminarily verified that the difficulties in tool use showed by CBS patients can be due to technical reasoning deficits following parietal lobe damage (Baumard et al., 2016) .
From symptoms progression to degeneration spreading
Neuroanatomical substrate of CG's cognitive impairments
The in-depth study of CG's cognitive impairments let us recognize some specific symptoms and syndromes that were well-known in the clinical literature. At this point, starting from data about known anatomo-clinical correlations, we tried to retrace the map of CG brain regions involved as neuroanatomical substrates of her symptoms and syndromes (Figure 3) . Moreover, taking into account the data from the longitudinal cognitive assessment over three years, a brain map of the possible spreading of neurodegeneration in this case of CBS was reconstructed (Figure 3) . We are aware both that the method used in this section was quite unconventional and that data showed (Figure 3 included) were highly speculative. Indeed, no advanced imaging study was performed to support our conclusions, and this is a limitation of this section of the study.
Regarding the results of the first evaluation, at approximately 18-20 months post-disease onset, the core cognitive impairments were bilateral limb and limb-kinetic apraxia and visuospatial disorders, including visuoconstructional and visuospatial attention deficits. Minimal working memory deficits, suspected elements of an incoming Gerstmann syndrome (writing difficulties and dyscalculia noticed by GC's relatives) and a suspected mild left visuospatial neglect, were all associated with the core impairments at this time. Therefore, following data about anatomo-clinical correlations, early and preferential damage to the bilateral dorsolateral parietal cortices (Goldenberg, 2009) , including both the superior and the inferior parietal lobules (probably the more anterior parts) as well as to the bilateral premotor cortices, could be hypothesized. In particular, the left inferior parietal lobule, especially the supramarginal gyrus (BA 40) (ideomotor apraxia) (Clark, Boutros, & Mendez, 2005 , chapter 4) and the right superior parietal lobule (BA 5 and 7) (visuoconstructional impairment and visuospatial attention impairment) (Clark et al., 2005 , chapter 4), were surely involved. In contrast, more posterior parts of the parietal cortex (i.e. the left angular gyrus (BA 39)) (Gerstmann syndrome, Clark et al., 2005, chapter 4 ) and the more inferior parts of the inferior parietal lobule (i.e. the right temporoparietal junction) (visuospatial neglect, Bisiach & Vallar, 2000) were only minimally involved at the time of the first assessment. Moreover, apart from an early preferential damage targeting the bilateral frontal premotor cortices (BA 6) (limb-kinetic apraxia, Binkofski & Reetz, 2008) , and a probable involvement also of the frontal eyes fields (BA 8) (visual search deficits, Malloy, Cohen, & Jenkins, 1998) , the prefrontal dorsolateral cortex (probably BA 8, 9) (working memory impairment) (Clark et al., 2005, chapter 6 ) was only minimally damaged. The analysis of the neural substrate of CBS in CG's case was supported enough by morphological brain imaging (MRI) data at the time of the first evaluation, which showed mild focal atrophy in bilateral parietal cortices (Figures  1 and 2 ).
At the second visit, 32 months post-disease onset, all core (i.e. limb apraxia and visuospatial impairments) and associated mild or incoming deficits (i.e. dysexecutive syndrome, unilateral neglect, and Gerstmann's syndrome with dysgraphia, acalculia, left-right disorientation, and digital agnosia) emerged before they had worsened except for limb-apraxia, which appeared as unvaried. Moreover, novel cognitive impairments emerged for the first time: agraphesthesia, truncal apraxia, dressing apraxia, some signs of the Balint's syndrome (i.e. gaze dyspraxia, simultanagnosia, and narrowing of the field of spatial attention, with the exclusion of optic ataxia), some elements of the posterior alien hand syndrome (i.e. agonistic dyspraxia and magnetic apraxia), and a mild transcortical sensory aphasia. Finally, limb but not limb-kinetic apraxia started to be asymmetric, with the left arm more impaired than the right one. Therefore, regarding the neural substrate, we could hypothesize that damage to the earliest foci of neurodegeneration in dorsolateral parietal cortex (e.g. right superior parietal lobule for dressing apraxia and agraphesthesia) (Clark et al., 2005 , chapter 4) had increased and that some regions in the right hemisphere were slightly more affected than their left counterparts at the time of the second evaluation. Moreover, the posterior and inferior parts of the parietal cortices, which were partially affected at the first evaluation, i.e. the left angular gyrus (BA 39, Gerstmann syndrome) (Clark et al., 2005, chapter 4 ) and the right temporoparietal junction (visuospatial neglect, Bisiach & Vallar, 2000) , were probably more diffusely damaged at this time. Furthermore, the amount of neurodegeneration of the bilateral frontal premotor cortices (BA 6) (limb-kinetic apraxia, Binkofski & Reetz, 2008) seemed to be equivalent, while the damage to the prefrontal dorsolateral cortex (probably BA 8, 9) (working memory impairment and executive functions) (Clark et al., 2005 ; chapter 6) was slightly increased. Finally, it seemed that degeneration had spread from the earliest core foci on dorsolateral parietal cortices to more posterior and inferior parietal regions, following a direction toward the adjacent occipital and temporal lobes. In fact, multiple sites of damage to the right parietal-occipital cortex (posterior form of alien hand syndrome with agonistic dyspraxia) (Semenza, 2003) , bilateral parietal-occipital cortices (partial Balint's syndrome, Clark et al., 2005 , chapter 4), posterior temporoparietal junction (mild truncal apraxia, Okuda et al., 2001 ) and finally to the left temporal-parietal-occipital carrefour (mild transcortical sensory aphasia, Catani et al., 2005) could be hypothesized at the time of the second evaluation. Unfortunately, follow-up brain imaging data were not available at this stage of the disease course.
At the third evaluation, 49 months post-disease onset, limb and limb-kinetic apraxia, as well as visuospatial disorders and prefrontal functions impairments, had all worsened. Moreover, limb apraxia continued to be asymmetric, and limb-kinetic apraxia started to be asymmetric for the first time, with the left side of the body side more affected than the right, just as had occurred before for limb apraxia. Furthermore, other relevant changes emerged at this time: aphasia worsened, and its profile converted into mixed transcortical aphasia of moderate gravity, impairment of verbal shortterm memory started to be associated with aphasia, and minimal signs of ideational apraxia appeared for the first time. In addition, the posterior alien hand syndrome worsened, and signs of left levitating hand were also evident at that time. Finally, clear signs of motor neglect affecting the left arm emerged, and a minimal hesitation without significant apraxia resulted in the orofacial praxis test. Regarding the neural substrate underlying these further changes in the clinical phenotype, we first could hypothesize increased damage to the brain regions already targeted by the degeneration. Moreover, our analysis seemed to suggest that degeneration had spread to posterior and inferior regions of the parietal cortex near to the occipital lobe, such as the right parietal-occipital cortex (i.e. more complete posterior alien hand syndrome including left levitating hand, Delrieu et al., 2010) and to the temporal lobe, such as left temporoparietal regions (ideational apraxia, Binkofski & Reetz, 2008 ; and short-term memory impairment, Lheman & Schnider, 2008) . Furthermore, according to Catani et al.'s hypothesis (Catani, 2005; Catani et al., 2005) , mixed transcortical aphasia could be provoked by damage to the posterior segment of the indirect pathway of the arcuate fasciculus linking Wernicke's area to the inferior parietal lobule and to the anterior segment linking the inferior parietal lobule to Broca's area. Also, damage to anterior regions, such as premotor cortex (more severe limb-kinetic apraxia, Binkofski & Reetz, 2008) or dorsolateral prefrontal cortex (worsening of executive function impairments) (Clark et al., 2005 , chapter 6), had probably increased at the third evaluation. Finally, the probable symmetry in the amount of degeneration affecting posterior regions at the second evaluation, which caused a more severe left limb apraxia, extended forward to right frontal deep regions (left motor neglect, Goldenberg, 2003) and to the right premotor cortex (asymmetric limb-kinetic apraxia, Binkofski & Reetz, 2008) at the third evaluation. Interestingly, the severe hypoperfusion in the bilateral temporal cortices, especially the right superior temporal gyrus and in the bilateral parietal-occipital cortices, emerged on SPECT scan at the third evaluation, supporting the hypothesis of a degeneration spreading to more posterior and inferior parietal regions along directions toward the occipital and the temporal lobe, respectively.
Moreover, the results seemed to confirm that the brain damage had become asymmetric, with some regions of the right brain hemisphere more affected than their left counterparts. Finally, bilateral frontoparietal atrophy emerged on the follow-up CT scan, compared to the previous focal bilateral parietal atrophy that had emerged on the MRI scan, supporting that degeneration spreads from posterior parietal regions to anterior frontal regions.
Large-scale brain network hypothesis in CBS
The performed analysis suggests that the bilateral dorsolateral parietal and predominantly lateral frontal cortices, as well as the bilateral prefrontal cortices, are the possible underlying neuroanatomic substrates of the clinical syndrome of CG. Moreover, longitudinal data seemed to suggest that degeneration had started in hubs of the parietal and frontal cortices and then spread toward adjacent regions in the brain. However, a long-distance spreading of degeneration from parietal to frontal (and prefrontal) regions cannot be excluded. In fact, a gradient of disease propagation from posterior (i.e. parietal cortex) to more anterior regions (i.e. premotor cortex) was suggested by the fact that limb apraxia started to worsen and become asymmetric, with the left side more impaired than the right one, about one year before limb-kinetic apraxia. Similarly, the modification of aphasia over time from transcortical sensory aphasia to mixed transcortical aphasia seemed to suggest a gradient of disease propagation from posterior to more anterior regions in the left hemisphere. Therefore, the anatomical substrates underlying the disease propagation in CG's case were probably not only the short association fibers (i.e. arcuate or U-fibers) connecting neighboring gyri inside the parietal lobe or between the parietal gyri and the adjacent occipital and temporal gyri but also the long association fibers connecting the parietal lobules with frontal and prefrontal cortex, including the frontal eye field (i.e. the superior longitudinal fasciculus) (Bartolomeo, Thiebaut de Schotten, & Chica, 2012; Catani, 2005; Catani et al., 2005; Clark et al., 2005, chapter 4; de Schotten et al., 2011) as well as the indirect route of the arcuate fasciculus (Catani, 2005; Catani et al., 2005) .
Interestingly, CG's case study seems to support the hypothesis that neurodegenerative diseases selectively target distinct large-scale intrinsic brain networks (Seeley, Crawford, Zhou, Miller, & Greicius, 2009) . In fact, the multiple brain regions assumed to be the neuroanatomic substrates in CG's case (i.e. bilateral dorsolateral parietal and predominantly lateral frontal cortices as well as bilateral prefrontal cortices) matched well with the large-scale intrinsic network involving the dorsal parietal and predominantly lateral prefrontal cortices (i.e. dorsal sensorimotor association network) (De Luca, Beckmann, De Stefano, Matthews, & Smith, 2006; Seeley et al., 2009 ) already identified as the best candidate for CBS. Moreover, the longitudinal study seems to suggest that degeneration remained confined to this large primary network for over three years without involving other largescale networks (e.g. default mode network (Buckner et al., 2005; Seeley et al., 2009) , salience network (Seeley et al., 2007) ) usually implicated in other diseases (Alzheimer's disease, AD, and behavioral variant frontotemporal dementia, bvFTD). A proof of this fact is that the precuneus, which is considered one core region in the AD default network, was unimpaired at an early stage of disease and/or only minimally impaired at an advanced stage (see the results from SPECT imaging), despite the fact that it was confined to a core and an early focus of degeneration in CG's case (i.e. the dorsolateral region of the superior parietal lobule (BA 5 and 7)). Moreover, the fact that degeneration seemed to start and spread inside a unique large-scale functional network gives some clues of a disease propagation mode along trans-synaptic connections, mimicking a prion-protein domino effect in which just (or mainly) neurons functionally connected with dysfunctional neurons become impaired (for a review, see Guo & Lee, 2014) .
Considering a higher level of detail, the large-scale parieto-frontal network found as the underlying functional network of CBS includes or is associated with more local and specific networks. In particular, a dorsal attentional network (DAN) as well as a ventral attentional network (VAN) (Bartolomeo et al., 2012; Corbetta & Shulman, 2002; de Schotten et al., 2011) , an executive-control network (Seeley et al., 2007) , a medial frontal-prefrontal network (Wolpe et al., 2014 ) and a basal ganglia network (Rittman, Ghosh, & Rowe, 2013; Südmeyer et al., 2012) have been documented. In this respect, bearing in mind CG's cognitive phenotype, we think that some of these sub-networks were surely involved in CG's case, especially a dorsal attentional network (DAN) as well as a ventral attentional network (VAN) (Bartolomeo et al., 2012; Corbetta & Shulman, 2002; de Schotten et al., 2011) and an executive-control network (Seeley et al., 2007) . However, another local network (i.e. a medial frontal-prefrontal network Wolpe et al., 2014) was probably not involved. Moreover, although bilateral extra-pyramidal symptoms were present from the first evaluation, FP-CIT SPECT imaging of CG showed normal tracer uptake in basal nuclei. Thus, data suggested that the basal ganglia network (Rittman et al., 2013; Südmeyer et al., 2012) was not involved in CG's case. This finding supports the current hypothesis that suggests extrapyramidal motor symptoms in CBS are not invariably associated with SNc neuronal degeneration and that supra-nigral factors may play a major role in several cases (Ceravolo et al., 2013; Cilia et al., 2011; Homma et al., 2014) .
Conclusions
CG's case study confirms that CBS is a heterogeneous syndrome and suggests that a less common variant could emerge (i.e. a posterior CBS (P-CBS)). This somewhat atypical CBS phenotype would be characterized by a symmetrical presentation, an asymmetrical course, and prominent posterior (biparietal) cognitive and cortical motor manifestations, including many features of the PCA bi-parietal syndrome and lacking more anterior CBS typical features. Moreover, it seems to lack basal ganglia involvement. Thus, this study demonstrates that the attribute of symmetry can be associated with an otherwise classical CBS for a reliable period of its course and more generally that the attributes of symmetry and asymmetry can be associated with the same syndrome/disease in different moments of its course. Furthermore, the evidence of early (temporary) symmetrical manifestations in the CBS phenotype suggests not stressing "asymmetry" in CBS diagnostic criteria at an early stage of disease, as current clinical criteria do for diagnosing dementia.
The present study offers a further detailed outline of the cognitive phenotype in CBS and its progression over time. Many findings of limb apraxia in CBS have been replicated and substantiated, and some novel findings have emerged, such as distinct trajectories of worsening between the limb and limb-kinetic apraxia, relevant visuospatial attention disorders, the emergence of a posterior alien hand syndrome and mixed transcortical aphasia.
Data collected seem to suggest that apraxia and visuospatial attention disorders have an early and relevant functional impact on the patient performance of activities in daily life. In particular, we made the hypothesis that visuospatial attention impairments could neutralize the advantages of guide for action offered by affordances and invitations to use the objects. Therefore, a concurrent disruption of both top-down (i.e. praxis) and bottom-up (i.e. ineffective affordances and invitations to use the objects due to visuospatial attention impairment) processes that guide the action inevitably caused an early and severe decline in the functional status of CG.
Finally, the present study seems to support the hypothesis that neurodegenerative diseases selectively target distinct large-scale intrinsic brain networks. In particular, clinical data were compatible with an overall dysfunction of the underlying large-scale intrinsic network (i.e. dorsal sensory-motor association network) already identified as a proper candidate of CBS. Moreover, longitudinal data suggested that degeneration might remain confined within this network without involving other neighboring networks and that it spread not only along short association fibers connecting neighboring gyri inside the parietal lobe or between parietal and adjacent occipital and temporal gyri but also through long association fibers connecting the parietal lobules with the frontal and prefrontal cortex, including the frontal eye field (i.e. superior longitudinal fasciculus) and the indirect route of the fasciculus arcuatus.
